The stability of incompressible, inviscid but density stratified fluid in sea straits of arbitrary cross section which is known as extended Taylor-Goldstein problem is considered in this paper. For this problem the range of real and imaginary parts of complex phase velocity for growing perturbations is derived. Furthermore, we derived the upper bounds for wave number.
Introduction
The study of inviscid, incompressible but density stratified fluid in sea straits of arbitrary cross section is an important subject in physical oceanography. Recently [7] found that the velocity and density structure in Bab al Mandab, the strait connecting Red sea to the Indian Ocean, does not have distinct layer character and that the velocity varies continuously and the density, while relatively uniform near the top and bottom of the water column, varies continuously and smoothly in the interior. To study the stability of such flows in sea straits [8] developed an extended Taylor-Goldstein problem that accounts for cross-channel topographic variations. They constructed the velocity U0(z)of the flow, the stratification parameter N(z) from observed data and found analytical approximations to the true topography across the strait. These functions were then used by them in solving the extended Taylor-Goldstein problem to find the phase speed of the stable and unstable modes.
For this problem, the following results are known; 1. A sufficient condition for stability is that the minimum Richardson number
2. The instability region is a semi-circle in the upper half of cr−ci plane whose diameter is the range of the basic velocity profile (cf. 5. The instability region is a semi ellipse lying inside semi-circle of (cf. [1] ) whose major axis is same as the range of the basic velocity profile while the minor axis depends on Richardson number J0 (cf. [10] ). 6. Growth rate tends to zero as the wave number tends to ∞ for a class of flows (cf. [4] ). 7. A sharper estimate for the growth rate and a parabolic instability region are proved for the extended Taylor-Goldstein problem (cf. [5] ). 8. The instability region depends on breadth function, wave number and Richardson number is derived (cf. [9] ). In this present work, we derived the range of real and imaginary parts of complex phase velocity for growing perturbations. And this range depends on wave number, Richardson number and basic flow velocity. Also, we derived the upper bounds for the wave number.
The Stability Results
The extended Taylor-Goldstein problem (cf. [1] ) is given by
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Here W is the complex eigenfunction, c=cr+ici is the complex phase velocity, b(z) is the breadth function, N 2 ≥ 0 is the square of Brunt-Vaisala frequency, U0(z) is the basic velocity profile; k > 0 is the wave number. Using the transformation F= 0 − , we get
with boundary conditions
Using the transformation
, we have
Theorem 1.
The range of complex phase velocity in cr-ci plane is given by
Proof. On multiplying (3) by (b * ), integrating over [0,D], using (4), we get
To derive the range of complex phase velocity, we adopt the method of [6] .
From, F= 0 − , differentiating with respect to "z" we have
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Substituting (8), (9) in (7), we get
Using Cauchy−Schwarz inequality, we have
where, X=
Equation (10) can be written as 
Squaring on both sides, we get
Using (8), (9) 
Substituting (14) in (16), we get
Simple algebraic calculation gives i.e.,   22  2  '  '  22  00  2  '  2  2  '  2  2  00  22  2  '  0  0  00   2  1 2.
Using (11) in the above equation, we have
i.e., ∫ 
Substituting (17), (18) in (19), we get
. (20) Equation (20) 
and > 0.
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